CMM Measurement Report

~ Flight Model




-

P

Results of the CMM Measurements on the RICH mirror - Revision 2

R. Martin
CMA
23 June 2005

1. Measurements:

The RICH mirror was measured 14 Fune on 2 coordinate measuring machine (CMM) at the Univ
of Arizona shop. The mirror was mounted upside down, on tree points at the top rims of the mitror.
This was the only configuration which would allow the probe to access the entire mirror surface.
The following sets of measurements were made:

a) The plane of the metal mounting inserts and the location of the mounting holes.

b) The figure of the mirror surface was sampled by 5 rings of points with roughly 20 points per ring.
The first and last rings were at (or near) the edge of the mirror surface. The rings were spaced in
a roughly even manner through the cone height The points along the rings were not in 2 regular
grid since this CMM is driven manually.

¢) The height of the mirror was measured.

The goal of these CMM measurements is to verify the conformity of the main dimensions to the
specifications. These measurements do not address the surface accuracy of the mirror. The surface
roughness will be addressed by TOPO measurements on samples of the mirror suface (witness
samples). _ :

II. Results:

~ 1) The mounting plane formed by the bottom of the 4 metal inserts forms the reference surface for

mounting the RICH mirror system. This plané is identified as surface “C” in the ICD drawing. The
plane is verified to be flat (ie, the 4 inserts are co-planar) with a max deviation of 0.3mm.

2) The insert hole pattern was produced by using the shipping fixture for a template. The CMM
measurements verify that bolt circle radius is 685 mm. The erroris less than the measurement erzor.
This is a difficult measurement since it involves locating the center of small, 6mm holes. The 4
holes form a cross which forms a right angle to within 0.08 degrees or better

3) The bottom edge of the mitror surface is identified as “B” in the ICD. This measured to be about
0.5 mm above the reference mounting plane formed by the inserts. This allows the mirror mounting
to be defined by the insexts rather than possible irregularities in the mirror edge. This conforms to
the ICD specification. '

4) The height of the mirror (teferenced to the insert mounting plane) is 463.2 mm. This is specified
as 462 mm in the ICD. CMA could reduce this height by grinding  However, re-measurement
verification would be difficult. Our recommendation is to leave this if it does not interfere with
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equipment. We also note that the ICD specification set of [lower mirzor diameter, upper mirror
diameter, and height] define a cone which is slightly different than the actual mandrel supplied by
CGS. We have taken the shape defined by the mandrel to be the intended shape rather than the ICD
specification when there is a conflict.

5) The diameter of the mirror at the bottom is measured to be 1340.1 mm in conformance to the ICD.

6) The hole pattern of the mounting inserts is concentric to the mitror to within about 0.3mm. The
uncertainty of this value is about the same amount due to the reasons explained in (2) above.

7) The axis of the cone is measured to be within 0.04 degrees of perpendicular to the mounting plane
of the inserts.

8) The taper angle of the cone is measured to be 8.47 degrees. The mandrel measurements supplied
by CGS indicate that the mandrel taper angle is 8.465 degrees. We conclude that the mirror
represents an accurate reproduction of the mandrel shape.

9) Each ring of measurements yields a center point. A best fit line of these center points (for the 5
measurement rings) agrees with the axis of the mirror cone. The max deviation (of a center point)

from this line is 0055 mm. The centering tolerance specification is 0.10 mm. Our measurements

indicate that the mirror is about a factor of 2 better than this specification.

10) For the bottom 3 rings of measurement, the rms deviation of points from the best fit cone surface
isroughly 0.10-0.14 mm. The measurements of the top rings have deformations in the shape caused
by supporting the mirror on the top edge. Thus, these measurements are not included in this
calculation. The greatest deviations of the mirror surface from the cone shape are at the seams
between mirror sections. There is potentially some error at the top since these sections are not
supported by structural ribs, .

III. Recommendations:

These measurements indicate conformity with the specifications, eXcept where noted. The
measurements do not address any potential, large scale slope errors, particularly near the 3 seams
of the mirror surface. The top areas of the seams are unsupported and we do not yet know if this is
a problem. '

After a reflective coat is applied to the mirror surface, CMA recommends that CGS makes some
further simple measurements of the mirror surface as follows. The mirror can be mounted upside
down above a level plane. The plane is covered with a regular lined, square grid paper. A
photograph is then taken from above the mirror, along the central cone axis This photographic view
will allow at least a qualitative measurement of the conformity of the mirror surface with respect to
large scale slope errors and any discontinuities at the mirror seams.
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Roughness Measurement Report
RICH FM Reflector
Setial Number FM-00102

The following is a Roughness Measurement Report for the RICH Flight Model Mirror
(FM) for the AMS-02. The measurements were made using CMS’s WYKO TOPO 3-D
optical profiler. - '

Eight coupons were tested at f different locations for each coupon, for a total of 32 data
points. Each data point was a measure of 2 250 um X 250 pm area on the FM/FS
coupons. The data was compared to CMA’s reference flat (glass), which measured
between 1 1 nm and 1.3 nm (see attached data).

The results indicate measurements roughly 10 times smaller than the requirement. Most
measurements lie between 3 nm and 7 nm, the maximum being 40 nm allowable based on
the Procurement Specifications - '

The X and Y components of the slope error refating to each data point all fell below 1 0
mrad, which was specified in the procurement specifications.

The Coupon roughness measurements indicate that the FM and FS are within
specifications for the roughness and slope error as required by the procurement
specifications. '
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RUTOATIC OPTIONS

N

Top View  Generic Menu screen for the analysis of the WYKO TOPQ 3-D. For

the FM measurements, Slope Plot Contours were selected to yield additional
slope error data for each data point,

Bottom View WYKO TOPO 3-D instrument at CMA.
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________ Galibration Certificate % PE————
TECHNOLOGYING CALIBRATION #: 2 £’ 8‘:.[ g/ PAGE 1 OF / 85:35"502?.01 wo# 2 8 f 4 9/ '

Coordinate Measuring Machine Soles & Service VL © > D/
1230 Puerta del Sol ® San Clemente, CA §2473  TEMP. HUMIDITY 37 76 ass: Accepled to manufaclurer's

e00/Ersad - sia e 0ror CMM Calibrated 5 ,’i”:"j‘;ﬂ:‘;;ff:;ﬁf—-
coneany U1 Vg 9.7y Ojc AR 2 oxd MFG. zZin s yS7em§ 2 mﬁ:mf;mmm
sooress L2X O£ .4.:(7‘ _ 4 7 7 MODEL # PR //q < Ses customers specificalion
oy Zeeson smre /9 2 ze €021 gze x L/g Y 9£ z 20 i i
rond §22) £20-L507 o 520) £ 21 4T3 w___ BE3% __[fean

This CMM has been calibrated according to appropriate parts of the following specifications: [SO/IEC 17025:1999: ASME B89 4.1-1997: 1S0 1001 2-1; ANSI/NCSL Z540-1-1994 and the forme
MIL STD 45662A. Calibration was performed using written procedures developed by CMM Technokogy, Inc. (CMMT-27.1 CMM Calibration Procedures®) The uncertalnty of measurement
involved in the calibration process comprises many components. CMM Technology, Inc has deterimined their cumulative effect to be 130 in maximum up to 48 inches and (130 + 0.5L) in
maximurs for 48 to 120 inches. This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence level using a coverage factor of k=2. This certification
shall not be reproduced except in-full withous the written approval of CVM Technology, Inc. The calibration resurts recorded on this cerlificate apply only to the CMM listed above Calibration
is traceable to NIST through documents on file at CMM Technology, Inc. -

- ACCURACY . . DISTANCE1 - DISTANCE 2

02" - 3=.0003"
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Displacement Emor  Axis  Displacemant Emor Squareness Emor  Axis  Squarenass Error Ropeatability Axis Repeatabitity Parallelism Parallelism
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- EQUIPMENT USED FOR CALIBRATION
the correctness of this recorded Information,

DESCRIPTION MANUFACTURER SERIAL NUMBER  NIST TRACEABILITY TEST DUE ﬁ/ﬁé«j\w‘v
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5y = Y S5 5§ 5B . . . the corracin recorded ipformation.
AL .\ ﬂmﬁtaﬁhomﬂbdg CALIBRATION # ¥ m..\% paae (o | H.\ nKMur\ Mag mmamw\,n i
Coordinate M ing Mockine Soles & Servil RECREGITED N st inaer .
SM.MMHM.‘HQ MMMM_Q. m“M n“mhmﬂm. MM. __vnmme Cest No. 205101 Temp__ Db ° HuMIDITY __ 3/ W g m. ..ﬁﬁamw“w”_%u\-
1-800/648-6944 » 949/366-0707 | . CMM Calibrated @ Pushespdocons Date calbeated:
company LMV @ RETY o uD AR ZONA we._ B L D Limhation: Accaptad wih miations > ~ o v\.
Sea cistomer's specification, /7
ADDRESS \ DLO %&Wu\ g s 7 MODEL # \mmt‘,%w g — /
. + " , Calibration Interval ; .
cIry QUR.%@.»\ stre_ 0 2 ap D2 sz x vE ‘ v. PL 2 2o ‘ ) T et cabatlon dus on P
vxozﬁw.mgh.w\l\w\n,m\ mQ\Qvam,\v\i .R.Q.w 3 - \%%N - \ ed R .V 1t \W - (G2
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This CMM has feen calibrated according to %?%ama parts of the following specifications: ISOAEC 17025:1999; ASME B89.4.1-1997; 150 10012-1; ANSINCSL Z540-1-1994 and the former MIL 5TD 45662A. Cafibration was performed using written proge-
dures developed by CMM Technology, Inc. (CMMT-27.1 CMM Caltbration Procedures@). The uncertainty of measurement inveived in the calibration process compnses 32___..838%_._3. GMM Techrology, tnc. has %3_,?5& their n.__sc_azm effect to be 180
pin maximum ug to 120°, This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidenca level using a coverage factor of k=2, This cartification shall not be reproduced except in full, without the written approval of CMM
Technology, Inc. The calibration results recorded on this certificate apply only to the CMM listed above. Calibration is traceable ﬁow_\_wﬁgceg documents on file at CMM Technology, Inc.

This Volumetric Perfomance Test was performad in conjunction with CMM Technology In¢.s calibration number Z % % , Sea Page 1. . Total Volumetric
: . : Basic Ball Bar Length___( F» D OO0
BALL BAR TEST RESULTS : L
20 Pos. 1 Deviation__ —. 000 2
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w Pos. 13 Deviation___» £ O75
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Recommended Ball Bar Positions for Machines with a Single Long Axis.
(The axis ratio here is 2:4:1. On machines with slightly different ratios,
overlapping patterns are recpmmended.‘)
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| TECHNOLOGY INC.
Coordinate Measuring Machine Scles & Service -

1230 Puerta del Sol » San Clemente CA 92673
Tel 800/648-6944 « 949/366-0707

CMM MFG £/ /)

WORK ORDER

company _ NV € R '5"/7;)/ of Ar. zo#d

ADDRESs /OO 4TV ST,
CITY 7L/C- S o 7 & <

STATE M 2 e 7%

:;EDj g¢ e 9L 2 opn PHONE___ 32O ~ L2/ &' 92Le

SN 55 2 ’L - contact—Rph e ﬁ‘?‘ A Nﬁ; s/ r'/\/

WORKORDER#] », 5545 ||™" Pivosny oo
CALIBRATION AND TUNE-UP PACKAGE |

[ 1 Inspectand clean X, Y and Z scales
[ Checkand adjust all réader heads

(] CheckX, Y and Z fine adjustment
[T tnspect and adjust beam/plate parallelism
- [ Perform probe evaluation

7 Check volumetric performance

(L] tssue an official Calibration Report

7 Inspect and adjust perpendicularity
[ Inspect and adjtst linearity

1 Check repeatability in X, Y and Z axis

| ‘REPAIR LABOR 5 HOUR MINIMUM |
N TRA e o THe (D000 CH|
_ ~ - -
AND A O
2 QTY | PART N-UMBER DESCRIPTION . . PRICE
(i
easeiive i
# () \
S CMM TECHNOLOGY ' saestax) |
RECOMMENDS THE FOLLOWING: : ;
o | ot 4 74| 2]

: . Z L '
e V5 vy e
. SERVICE ENGINEER ﬂ@? Stetindg. " ope 20 LE

CMM-10-B




| TECHNOLOGY INC.

WORK ORDER

. : UNIVER 2,7 of Aeizoint
Coordinate Measuring Machine Sales & Service COMPANY - '/_/ , 7 e
1230 P‘uclerta df6!458°’6;§2n g{;:;}:gzéeo% 92673 ADDRESS.__ /() & O FACT 4 7
Tel 800 - . - .
cMmmrG L 4 ) amv_Zk< e Yy,
MODEL , STATE 7 ///') < 7 70 X5
_ , $20) Le2) ~LOL%
SIZE X l & ‘ y ? 6 L z 7) PHONE -
SIN . é‘ 2/ /'.> 7 CONTACT
( , : PO. # ‘
WORK ORDER #1256 ‘/g - FP/ooso TERMS NET 10 DAYS

B/lnspect and clean X, Y and Z scales
[3" Check and adjust all reader heads
Check X, Y and Z fine adjustment
[Zf Inspect and adjust beam/platgiparallelism
[T Pedform probe evaluation

CALIBRATION AND TUNE-UP PACKAGE ~ E

AMOUNT

[ Inspect and adjust perpendicularity
A Inspect and adjust linearity

Check volumetric performance
[ Check repeatability in X, Y and Z axis
m/lssue an official Calibration Report
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00

- REPAIR FABOR 5 HOUR MINIMUM
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orv | earTnumBeR | DESCRIPTION CPRICE
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i (it
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CMM TECHNOLOGY | SALES TAX
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. TOTAL | £40) |90

pATE 2=l 3 05

SERVICE ENGINEER %/ ;/amv -
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Calibration Certificate I [r«sswe o
TECHNOLOGYINC " CALIBRATION #: Z @ o L"]‘ PAGEtOF _—— Z- %}%01 WO # Z- GC’O Li
vzscc?"éi':ffi o o oot A 22573 Tewe 1L wonorry _23°/o Y ——

T 1-800/648-6944 ¢ 949/366-0707 MM Calibrated y :‘lﬁfﬁi&fﬁfﬁmen .,‘
o Uiv. o8 Agrzona  ORIC o EL o b
ADDRESS /040 & 4 ST loom 235 MODEL # BUOGE Ses cusomersspcfeaton
oy T 0 eSoN st AZ 72085721 sex A% v G ;20 caltraon e
ovone 52062 - 66Y o 52062126333 o 5332 )7 monNTHS

This CMiM has been calibrated according to appropriate parts of the following specifications:” ISO/IEG 17025:1999; ASME B89.4 1-1997; 130 10012-1; ANSINCSL Z540-1-1984 and the form
MIL STD 456624, Calibration was performed using written procedures developed by MM Technology. Inc (CMMT-27 1 CMIM Calibration Procedures®). The uncertainty of measurement
involved in the calibration process comprises many components. MM Téchnology, inc has determined their cumulative effect to be 130 win maximum up to 48 inches and {130 + 0 5L) uin
maximum for 48 to 120 inches. This uncertainty represents an expanded uncertainty expressed at approximately the 95% confidence leve! using a coverage factor of k=2. This certification
shall not be reproduced except in full, without the written approval of CMM Technology, Inc  The calibration results recorded on this certificate apply only to the GMM listed above Calibratio
is traceable to NIST through documents on file at CMM Technology, Inc

A

LINEAR DISPLA CEMENTACCURACY SQUARENESS ACCURACY . MEASURING REPEATABILITY PARALLELISM
Current Before Adjustment Cusrent " Betore Adjustment Currant .Befora Adjustment cmemBeam’Plate Pag}gl::n;dlus&m,
Displacement Ecror  Axis  Displacement Erver Squareness Error Axis  Squareness Error : Repeatability Axis Repeatability Parallellsm Paralf‘elism
2.0 x _10.9 L% xy  20.€ /7 x _ 1% A G
3 oy [ & G 0.5  zx 3% /3 Y 11 .
i3 cd- G o, . Condition of CMM
z S A zy el 2 & z 4.3 God  QFer Q Poor
R . EQU'PMENTUSED FOR CALIBRAT’ON e . .. . : b Calibrated by and responsibla for ensuring
. C of this rocprdad Information,
DESCRIPTION MANUFACTURER SERIAL NUMBER  NIST TRACEABILITY TEST DUE I@ ﬂg QW\/X
. ) NIST NUMBER DATE DATE
25..5 Ban ST rerT J20:157.% Fel/zeoar-02, | Jo 0 S03 005,04 Service Engineer
/ / / / Date calibrated:
Baw Ran  BacTec 352/908  Q21/2053¢H-01_|o3501 404 03,0 j05|| 6 ;16 2004
/ / / / Next calibration due on:

THeLM  RanioSmack 015K 217225 /o 147 403 | Fop7 0| el s Ll JERRS
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fe) o WO +
ﬂhﬁl&ﬁhbmfﬁaﬁ. 1 CAUBRATION § __ 2= GG o™ PAGE W.u..o_u = Cm,u | ?\NAL
- Coordinate Measvring Machina Soles & Service RCERECITED : a Ppes o arvice Enginaer
1230 Puerta del Sol » Son Clemente, CA 92673~ Conio. 26101 rewe_ 1 ° womorry __ 23770 pech ;,pmws» :
1-800/648:6944 » 949/366-0707 CMM Calibrated m o ”om“_ ngoo:o 3 m\\ Date calibiated:
i : fica 1,001
company_[ SV O F ArizoNnA wea, & &N i Q Liation: Acospled with riations &
. - ; Sea customer’s specification. i 200
aporess w0 €. G T8 g7 Reem 235 mopeLs_DRIPGE o6 /6,
5 . Calibration Interval Next calibration due on:
o T U csor sure AZ,  ap BSILL g x YR v _9 6 7 20 oMuaM,aS 6 o \ |
- . o ¢ B
mzozm.ﬁNo 2= G106 L Ben s 62~ (333 N LD 12 ot BHS ; ,.N.D 5

This CMM has been calibrated according to appropriate pais of the following spesifications: 1SOAEG 17025:1699; ASME B89.4.1-1907; IS0 10012-1; ANSUNCSL Z540-1-134 and the tormer MIL STD 45662A. Calibration was performed using written proce-
dures developed by CMM Technalogy, inc. (CMMT-27.1 CMM Calibration Procedures®). The uncertaintv of measurement invalved in the calibraticn process comprises manv compongnis. CMM Technology, Inc. has deterrined thesr cumuiative effect to be 130
pin maxemum up to 120°, This uncertainty represents an expanded uncertainty expressed at approximately the 85% confidence level using a coverage tactor of k=2. This certification shall nat be reproduced except in full, without the written approval of CMM
Technology, tn¢. The calibration results recorded on this cartificate apply enly to the CMM listed above. Calibration is traceable to NIST through docurnents on file at GMM Technology, Inc.

This Volumetric Perfomance Test was performed in conjunction with ChM ._.mn_.ﬁgo% Inc.’s calibration number _Z. L4 . Sea Page 1. Total Volumetric L0016
BALL BAR TEST RESULTS Basic mm_”um.m_. tength_1%. 35733
+20 Pos, 1 Deviation___ = » ©© D372, -~
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8 Pos. 21 Deviation__~ : ©0¢ 0G *
g N Pos. 22 Deviation Y Y-t
ul Pos. 23 Daviation ~.001Vy 5"
m Pos. 24 Deviation BobTE *
= o Pos. 25 Deviation L0038 ¢
g 1 " *Pos, 26 Deviation 00034 *
L. Pos. 27 Dewviation ,0DO "
M Pos. 28 Deviation - . O00VE
m Pos. 29 Deviation ~. 008 85"
s 15 Pos. 30 Deviation . 00D I
a Pos.31 Deviation___ = - 6 ©0DG *
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Pos. 33 Deviation -, 0007 ~
20— Pos. 34 Deviation ODBVE #
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TECHNOLOGY INC,

Coordinate Measuring Machine Sales & Service

1230 Puerta del Sol ¢ San Clemente, CA 92673
Tel 800/648-6944 ¢ Fax 949/366-6503
info@cmmtechnology.com

Compcmy:UN W. 2F Aprzona

Address: /040 €. 8% gv. Roem 2335

City: 7T veSond State:_A z_ Zip: $572/

Phone: 520 ~G2i- (764 Fax: 520 - 621~ 6333

Probe Repeatability
Evaluation Report

WO # ZTG6Lod Date

Probe Evaluated
Mig: Jemsnaw
Probe Head: #H_|
Probe: _ T Pl

Contact:_Jloment  KiN6sLEYy S/IN: _Do 352/
ALL READINGS JOXX" s
Co 1o o001 ‘ S ‘
2=.0002" Bl
3=.0003" [0 ¥
0 ¢
2 <
%
o4 , ]
g“?‘o?é OQoa = »pr\}%f_\io%b‘f"’“?rv\%
- [y g S ¢ N o W R
X ZP19@ 12101991000 Lo lic oy n e X
‘\I.\..
Repeatability Range # of No Hits # of Sticks E Pass: Accepted o customers' and/or
! Y APy
+X axis . 00012" o o | manufacturer's specifications.
=X axis .obtotL" D O . |
X . - [ ] Fail: Recommend Replacement
+Y axis _,00012" o o
Y axis . 0o0O0%" 2 o Comments:
-Z axis _,0000%" o S
Note: A "No Hit" is when the probe is deflected, but no point is

recorded
A "Stick™ is when the probe is deflected, but does net
return to its neutral position. (i.e. the light remains out}
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